Performance was evaluated on a daily and a monthly basis, and five different measures of goodness of fit were used. The results showed that when the use of the FAO equation is not possible because of the unavailability of data, some empirical methods can serve as appropriate alternatives. The radiation-based equations generally performed better than those that included only temperature-related input variables. The equations proposed by Hansen and Turc were the most useful because they had an average monthly absolute error ranging from 5.7 to 17.7 mm and 5.5 to 19.2 mm, respectively.
Introduction
Potential evapotranspiration (PET) is defined as the amount of water that can potentially evaporate and transpire from a vegetated surface with no restrictions other than the atmospheric demand (Lu et al. 2005) . PET provides a good representation of the maximum possible water loss to the atmosphere. Knowledge of PET rates is essential for a variety of applications, including hydrological modeling, irrigation planning, geobotanical studies, and estimation of sensitive-to-climatic change aridity indexes. Although the PET concept is applied in a wide spectrum of applications, the term is considered a source of confusion because of the vague definition of "vegetated surface." To overcome this problem, the term PET has gradually been replaced by "reference potential evapotranspiration" (PET ref ) , for which the characteristics of the vegetated surface have been standardized. The Food and Agriculture Organization (FAO) Expert Consultation of Revision of FAO Methodologies of Crop Water Requirements accepted the following definition of the reference surface: "A hypothetical reference crop with an assumed crop height of 0.12 m, a fixed surface resistance of 70 s=m, and an albedo of 0.23" (Allen et al. 1998 ). Consequently, PET ref is defined as the amount of water that can potentially evaporate and transpire from a reference crop with no restrictions other than the atmospheric demand.
PET ref can be obtained using specific devices, through measurements of various physical parameters, or on the basis of the soil water balance using lysimeters. These methods are expensive, demanding in terms of accuracy of measurements, and require welltrained research personnel (Allen et al. 1998 Allen et al. (1998) , is PET FAO ¼ 0:408·Δ·ðR n À GÞ þ γ·ð900=T mean þ 273Þ·U 2 ·ðe s À e a Þ Δ þ γ·ð91 þ 0:34·U 2 Þ ð1Þ
where Δ = slope of saturation vapor pressure curve at air temperature T (kPa ·°C À1 ); R n = net radiation (MJ · m À2 ); G = soil heat flux (MJ · m À2 ) (0 for daily periods); γ = psychrometric constant (kPa ·°C À1 ); T mean = daily mean air temperature at 2 m height (°C); U 2 = wind speed at 2 m height (m · s À1 ); e s = saturation vapor pressure (kPa); and e a = actual vapor pressure (kPa). This physically based equation, involving all the meteorological variables controlling evapotranspiration, is deemed to provide the best estimates of PET ref values over a wide range of climates and is widely used as a standard for the evaluation of other empirical PET ref formulas (Droogers and Allen 2002; Gavilán et al. 2006; Nandagiri and Kovoor 2006; Popova et al. 2006; Trajkovic 2005; Xu and Singh 2002) .
However, the equation requires a variety of meteorological input variables that the vast majority of meteorological stations do not record. For this reason, in most operational applications PET ref is estimated by means of various simpler, empirical equations that are less demanding in terms of input variables. Depending on the necessary input data, these equations, can be classified as either temperature-based, radiation-based, or combined methods. The number of empirical equations is rather high and the output may be inconsistent and prone to bias because of the different underlying assumptions and the corresponding input data requirements or because they were developed for specific climatic regions (Allen et al. 1998; Grismer et al. 2002) . To ensure accuracy, it is essential that the performance of these empirical equations for the estimation of PET ref be evaluated prior to their use, either by using existing observations of evapo(transpi)ration or PET ref values calculated with one of the more sophisticated methods (energy balance, lysimeters, etc.) in the region of interest.
To this end, daily values of PET ref , estimated by using 13 empirical equations obtained from a review of the existing literature, were compared with the respective output of the PET FAO equation using data obtained from seven meteorological stations in Crete, which has a typical semiarid, Mediterranean climate. The risk of desertification is high (Croke et al. 2000; Grove and Rackham 1993; Vardavas et al. 1997 ) and sustainable irrigation planning for drought mitigation and adaptation is essential (Lambrakis and Kallergis 2001; Vardavas et al. 1997 
Methods

Climate Data and Location of Meteorological Stations
Daily values of meteorological data obtained from seven weather stations in Crete were used in the study. The meteorological data included the variables shown in Table 1 . The observation period and other variables of the weather stations are presented in Table 2 . The locations of the meteorological stations are depicted in Fig. 1 .
These meteorological variables build the input data used for the estimation of the daily values of PET ref in all of the equations. Days with at least one meteorological variable missing were excluded from the analyses. The long observation period allowed for the extraction of safe conclusions over the performance of the PET ref equations for both daily and monthly analyses. The global (total) solar radiation data, not measured by any of the meteorological stations in Crete, were estimated using the RayMan model , taking into consideration the cloud cover, the latitude, and the elevation of the meteorological stations. To estimate the extraterrestrial radiation (R a ) and net radiation (R n ) the method described by Allen et al. (1998) was followed. An albedo value of 0.23 was used (Allen et al. 1998) in the calculation of R n for the reference crop.
Empirical PET ref Equations
The empirical equations evaluated include temperature-and radiation-based methods, all of which are presented in the following sections. Because these equations include units from nonuniform systems, unit conversion was necessary for their application. A summary of the definitions and descriptions of the symbols is shown in Table 3 . The equations where the input variables should be measured in different units than these reported in Table 3 , are noted in the text. The equations include a wide variety of input parameters thus their applicability depends on the data availability. A summary of the different potential evapotranspiration methods included in this paper is presented in Table 4 .
Temperature-Based Methods • Hargreave's equation (Allen et al. 1998; Oudin et al. 2005; Xu and Singh 2002) PET Har ¼ 0:0023·ðR a =λÞ· ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi ðT max À T min Þ p ·ðT mean þ 17:8Þ ð2Þ
• McGuinness-Bordne's equation (Oudin et al. 2005 )
• Romanenko's equation (Oudin et al. 2005) PET Rom ¼ 4:5·½1 þ ðT mean =25Þ 2 ·ð1 À e a =e s Þ ð4Þ Allen et al. (1998) Note: Because of nonlinearity, the mean saturation vapor pressure is estimated as the average of the saturation vapor pressure (e o ) at T max and the saturation vapor pressure at T min . For computation details, refer to Allen et al. (1998) . a e s is measured in mb. b For unit descriptions and calculation procedures, refer to Allen et al. (1998) . 
• Hammon's equation (Lu et al. 2005 )
where a ¼ constant ¼ 1:2; and e s in mb. • Hammon's equation (Oudin et al. 2005) PET Ham2 ¼ ðDL=12Þ 2 · expðT mean =16Þ ð 6Þ
• Hammon's equation (Rosenberry et al. 2004) PET Ham3 ¼ 0:55·ðDL=12Þ 2 ·ðSVD=100Þ·25:4 ð7Þ
• McCloud's equation (Irmak et al. 2003; Jacobs and Satti 2001) PET Rosenberg et al. (1983) , but forms presented in Jensen and Haise (1963) and Rosenberry et al. (200) 4 were also tested]
PET Jen ¼ ðR s =λÞ·ð0:025·T mean þ 0:08Þ ð 11Þ
• Turc's equation (Jacobs and Satti 2001; Lu et al. 2005 ). For RH < 50%: Rosenberry et al. (2004) ; forms cited in Singh (2000, 2002) were also tested]
where R s is in cal · cm À2 ; Δ and γ are in mb ·°C À1 ; and λ is in cal · g À1 .
• De Bruin's equation (de Bruin and Keijman 1979; Rosenberry et al. 2004 )
where R n is in cal · cm À2 ; Δ and γ are in mb ·°C À1 ; and λ is in cal · g À1 .
Evaluation of PET ref Equations
The performance of the empirical equations was assessed by using the calculations from several goodness-of-fit statistics (StatSoft 2007) . The measures applied to evaluate the performance of the empirical equations were:
• Mean square error (MSE):
• Mean absolute error (MAE):
• Relative mean square error (RMSE):
• Relative mean absolute error (RMAE):
• Mean bias error (MBE): (2007) . where N = number of observations; E i = values from empirical equations; and O i = respective values from PET FAO equation.
These (or similar) statistical procedures have been widely discussed in the relevant literature (Jacovides 1998; Jacovides and Kontoyiannis 1995; Knotters and Voshaar 1998; Willmott 1984; Willmott 1982; Willmott et al. 1985) and have proven to be important for the evaluation of the performance of empirical PET ref equations.
All but the MBE measure of goodness of fit were used for the evaluation of the performance of the empirical equations on a daily and a monthly basis. The daily PET ref estimates were averaged in monthly totals because it has been demonstrated that any bias in calculation can be reduced when integrated over longer periods and, therefore, the errors were expected to be lower (Hupet and Vanclooster 2001) . Additionally, the monthly analysis allows for the suggestion over the use of specific empirical formulas during the different months (different underlying climate conditions). The MBE was used to evaluate the averaged monthly totals of PET ref estimates.
Prior to the analyses of goodness-of-fit measures, the meteorological stations were ordinated by the weight of each variable in influencing PET ref , allowing for the identification of groups with climatic homogeneity and the detection of possible regional patterns or climatic regions (Comrie and Glenn 1998; Giles et al. 1989; Morin et al. 1979 ) across the study area. These variables included the mean daily values of T mean , T max , T d , R s and wind speed over the observation period recorded at each station. The ordination method used was an s-mode principal component analysis (PCA). The type of cross-products matrix was the correlation matrix (data were centered and standardized), which was used to eliminate differences in measurement units between variables. Outlier analysis did not reveal any extreme value at three standard deviations cut-off level. The scores of the variables were calculated using the distance-based biplot method. The analysis was performed with the PCORD software (McCune and Mefford 1999).
Results
Climatic Regions
The ordination diagram shown in Fig. 2 helped identify spatial patterns in the climate data recorded by the meteorological stations.
From the PCA diagram, the stations Tymbaki, Ierapetra, and Sitia form one group, the stations Iraklio and Rethimno form another. While the two remaining stations, Souda and Kastelli, are both located on the left-hand side of the diagram they do not form a distinct group. The first three stations, located in the east and southeast, represent the driest part of Crete (see Fig. 2 ). The stations Iraklio and Rethimno, situated in northcentral Crete (see Fig. 2 ), stand out owing to the high wind speed values at these locations. The high wind speed values are positively correlated with high PET ref values, especially in hot and dry climates (Allen et al. 1998 ). Souda, a lowland station in western Crete, lies between the aforementioned groups and the Kastelli meteorological station, which is situated to the very left of the diagram. Its position is explained by the low values of T mean , T max , T dew , and R s because its altitude (300 m a.s.l.) is higher than the other stations (see Table 2 ). The northwest to southeast climatic gradient observed in Crete (Pennas 1977 ) is also apparent in Fig. 2 .
Evaluation of the Empirical PET ref Equations on a Daily Basis
The results of the analysis of the daily PET ref values are shown in Table 5 . Some equations perform relatively well, whereas others reveal a great bias in the estimation of PET ref . The radiation-based formulas perform better for all meteorological stations except Rethimno and Iraklio. There is great variation with respect to the best temperature-based equations, which contrasts with the clearer pattern observed for the radiation-based equations. Table 5 shows that the RMSE and RMAE of the PET Rom , could not be evaluated because of the calculation procedures. Since the saturation vapor pressure (e s ) is here calculated as ðe Tmax þ e Tmin Þ=2 as proposed from Allen et al. (1998) , for some humid and warm days (e.g., for 167 days in Ierapetra), the actual vapor pressure (e a ) is calculated to be lower than the saturation vapor pressure (e s ), which resulted in negative values of PET ref . For this reason, the evaluation of PET Rom was based only on the MAE, RMAE and the Pearson's CC.
Temperature-Based Equations
The temperature-based equations that exhibited the best fit were PET McG 
Radiation-Based Equations
The pattern is clearer for the radiation-based equations. PET Turc stood out clearly from the other empirical equations, followed by PET Han and PET deB . PET Mak also demonstrated good performances because its goodness-of-fit measures were comparable with PET Han and PET deB . As with the temperature-based methods, the worst fits were observed for the stations Iraklio and Rethimno. PET Jen had the best Pearson's CC at the stations Ierapetra and Kastelli. PET deB2 was also identified as the best method in terms of RMSE for the stations Souda and Kastelli, whereas PET deB had the best fit in terms of CC for Souda. The minimum values of MSE, MAE, RMSE, and RMAE were for PET Tur in Sitia,; PET Tur in Kastelli; PET Tur in Tymbaki; and PET Tur in Tymbaki, respectively. The maximum value of CC was for PET Jen in Kastelli. As with the temperature-based-equations, the best fits were observed for the stations Kastelli and Sitia, but good fits were also observed for Tymbaki.
Evaluation of the Empirical PET ref Equations on a Monthly Basis
The results of the integrated monthly PET ref values are presented in Table 6 . It can be seen that some equations clearly stood out for their consistently good fit with the PET FAO equation, whereas others clearly showed a very poor fit. For the daily analysis (see the "Evaluation of the Empirical PET ref Equations on a Daily Basis" section), the radiation-based equations provided better estimates than the temperature-based formulas for all the stations other than Iraklio and Rethimno. In the case of the latter stations, the best temperature-based equations outperformed the best radiation-based equations. Additionally, the relative errors (RMSE and RMAE) for the integrated monthly PET ref values were smaller than the corresponding errors for the daily values.
Temperature-Based Equations
The pattern observed from the study of the integrated monthly values was clearer than that of the daily values (see the "Evaluation of the Empirical PET ref Equations on a Daily Basis" section). PET McG exhibited the best fit for the stations Iraklio and Rethimno, but the performance of the empirical equations was still worse for these stations than elsewhere. For the remaining stations, PET Ham2 stood out from all of the other temperature-based equations. The minimum values of MSE, MAE, RMSE, and RMAE were for PET Ham in Sitia; PET Ham2 in Sitia; PET Ham2 , in Sitia and Souda; and PET Ham2 in Sitia, respectively. The maximum value of CC was for PET McG in Souda. Radiation-Based Equations Of the radiation-based equations, the PET Han and PET Tur exhibited the most consistent pattern of best fit, both had comparable goodness-of-fit values. PET deB followed closely, also with comparable results. In spite of the different climatic conditions in Rethimno and Iraklio, no other equation was observed to perform better than these three, although the error measures were 2-3 times higher than for the other stations. The minimum values of MSE, MAE, RMSE, and RMAE were for PET Han in Sitia for all of the aforementioned statistical measures. The highest value of Pearson's CC was for PET Han in Kastelli.
Seasonal Patterns
Additional information was extracted from the analysis of the MBE of the averaged monthly totals of PET ref , presented in Fig. 3 . This provided information concerning the over-or underestimation of PET ref by the empirical equations, and can be used as a tool for the choice of the best-fitting empirical formulas during the different seasons and their underlying different climate conditions in the absence of a more thorough analysis of the physical conditions that lead to over-or underestimations on a daily basis.
The graphs reveal that for some equations there is a clear pattern of over-or underestimation for all weather stations, but for some of Of the radiation-based equations, PET Han and PET Tur revealed the most consistent pattern of good fit (for all stations except Rethimno and Iraklio). Their estimates were always close to PET FAO , and they either slightly under-or overestimated PET ref . 
Discussion
Radiation-and Temperature-Based Equations
The results revealed that the radiation-based equations generally overperformed the respective temperature-based equations. This is in accordance with a number of similar studies (Lu et al. 2005; Xu and Singh 1998 Table 6 
Comparison to Similar Studies
Unfortunately, an extensive evaluation of empirical equations is lacking for Greece. Only a small number of scientific publications dealing with the topic exist and the comparisons made are limited to a small number of empirical equations (Alexandris and Kerkides 2003; Michalopoulou and Papaioannou 1991; Papadopoulou et al. 2003) or to the estimation of free-water surface evaporation (Valiantzas 2006) . Therefore, the discussion of the results of this study will be based on a comparison with the results of studies carried out in regions with similar climate conditions.
The results suggested that PET Har can be used as an alternative to the PET ref equation in situations where there is a lack of meteorological data (Allen et al. 1998) . PET Har estimates for southern Spain (Gavilán et al. 2008 ) produced an average daily RMSE of 0.8 mm when compared with the ASCE-Penman-Monteith equation (Gavilán et al. 2008) . In Crete, which is at comparable latitude, the result of the comparison with the PET FAO was almost double (1.55 mm). Quantitative differences between this study and Gavilán et al. (2008) should also be attributed to the differences in the method for the estimation of PET ref (integrated daily values from hourly time steps, measure of radiation fluxes, etc.). The highest error measures associated with PET Har were obtained for the stations Iraklio and Rethimno, followed by Ierapetra, Sitia, Tymbaki, Souda, and Kastelli. This pattern indicates that the bias associated with PET Har is positively correlated with the PET ref values, which agrees with Gavilán et al. (2008) . The latest can be attributed to the fact that PET Har is not able to account for the effect of high advection phenomena of semiarid environments (Berengena and Gávilan 2005) . The fact that the error associated with PET Har increases in areas with high wind speeds (Iraklio and Rethimno) does not correspond to the findings of Martínez-Cob and Tejero-Juste (2004) . The reason for this is that in the case of the latter, high wind speeds were related to a lower daily air temperature range [see p. 259 of Martínez-Cob and Tejero-Juste (2004)], thus resulting in reduced PET ref rates, which was not true for this study. Nevertheless, other studies have concluded that PET Har does not perform well or that it requires calibration, in semiarid environments (Alexandris et al. 2006; Droogers and Allen 2002; Gavilán et al. 2006; Jabloun and Sahli 2008; Stöckle et al. 2004) . Similarly, this equation was found to underperform in the warm humid climate of the southeastern United States (Lu et al. 2005) and in the humid climate of the western Balkans (Trajkovic and Kolakovic 2009) . Alexandris et al. (2008) also indicated a severe underperformance of PET Har in the Balkan region. By contrast, in the semiarid environment of California (Temesgen et al. 2005 ) and of Iran (DehghaniSanij et al. 2004 ) the PET Har equation performed well relative to other empirical and physical equations, despite the simplicity of the formula which only requires air temperature data. The accuracy of this equation depends greatly on local climatic conditions (Alexandris et al. 2006; Wang et al. 2009 ) and, therefore, does not have the performance stability required for it to be considered as a globally accepted method.
The proposed use of PET Har for the estimation of PET ref for periods of 10 days or more (Droogers and Allen 2002; Martínez-Cob 1996) is also underlined by the results of this study, reflected in the large decrease in the error associated with the integrated monthly values table 6.
PET McG was found to perform well when compared with 27 other PET equations tested in various rainfall-runoff models (Oudin et al. 2005 ) applied in 308 catchments in Australia, France, and the United States. This corresponds with the findings of this study. However, whereas Oudin et al. (2005) found that the results of the PET McG equation were comparable to those produced by the radiation-based equations, in Crete, this equation, like all temperature-based equations, was outperformed by the radiation-based equations at all stations except for Iraklio and Rethimno.
A slightly modified version of the PET Rom equation provided good results in Switzerland (Xu and Singh 1998) , as a method to estimate pan evaporation. However, it did not perform well in the regions studied by Oudin et al. (2005) . The results of this study demonstrated that, in this semiarid region, this equation should not be chosen for the estimation of PET ref .
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PET Ham1 was found to produce reasonable results in the warm and humid climates of the northeastern United States (Lu et al. 2005) , but it did not perform well in the warm and semiarid climate of Crete. The modification of this equation, herein referred to as PET Ham2 , performed quite well not only in Crete but also in the regions studied by Oudin et al. (2005) . On the other hand, PET Ham3 underestimated PET rates in a wetland prairie in North Dakota (Rosenberry et al. 2004 ) and was among the temperature-based equations with the largest bias. The same results were obtained for Crete; this equation resulted in even greater underestimations than PET Ham1 . Therefore, its use in Crete is not recommended.
Although PET McC is the simplest formula, it did not perform well in evaluations conducted in various climates (Oudin et al. 2005) , in Florida (Jacobs and Satti 2001) , or in the semiarid climate of Crete. Therefore, its use is not recommended.
PET Mak has been widely used as an empirical equation for estimating PET ref . However, in the southwestern United States (Lu et al. 2005) , it did not perform as well as other empirical equations. In Switzerland (Xu and Singh 2000) , PET Mak did not perform well for estimating of pan evaporation. PET Mak was only moderately successful in a prairie wetland (Rosenberry et al. 2004) , its fit improving with some modifications to its coefficients. Similar results were obtained in a study of the PET Mak equation in a small lake in the northcentral United States (Winter and Rosenberry 1995) . Alexandris et al. (2008) reported that PET Mak produced the greatest underestimates of PET ref of the six empirical equations tested in the Balkan Peninsula. Finally, Oudin et al. (2005) found that PET Mak performed better than the PET Tur equation, yet ranked it as being average overall.
Although PET Tur performed well in Crete, the results obtained in other studies were mixed. Jacobs and Satti (2001) found that this equation underestimates PET ref in Florida throughout the year except in summer. Xu and Singh (1998) also found that this equation significantly underestimated evaporation values in Switzerland. Underestimates, albeit small, were also reported by Alexandris et al. (2008) when this equation was applied in the Balkan Peninsula. Oudin et al. (2005) did not recommend the use of this equation for rainfall-runoff models because it failed to perform well. By contrast, Trajkovic and Kolakovic (2009) found that PET Tur performed well in the humid western Balkans. This corresponds with the PET Tur equation that was initially proposed for the estimation of PET ref in the humid climate of western Europe (Turc 1961) . Similarly, Douglas et al. (2009) also found that PET Tur provided good results. In arid and semiarid climates in India, PET Tur performed better than other equations (Nandagiri and Kovoor 2006) . In the same study, PET Har , which was also compared there, did not perform equally well. Lu et al. (2005) proposed the use of PET Tur for regional use in the southwestern United States. That this equation also performed well in Crete suggests that it is adjustable to the local climatic conditions, most likely because it requires RH data as an input. Although ASCE ranks PET Tur below PET Har for application in semiarid and arid climates (George et al. 2002) , PET Tur clearly outperforms PET Har under the climatic conditions prevailing in Crete.
The PET Jen equation performed well for the estimation of integrated monthly evaporation values in the northcentral United States (Winter and Rosenberry 1995) and for evapotranspiration in the prairie wetlands of North Dakota (Rosenberry et al. 2004 ). Xu and Singh (2000) reported that the uncalibrated PET Jen resulted in a large bias in the estimation of pan evaporation values in Switzerland. However, none of the latter three publications directly corresponds to the estimation of PET ref . According to Oudin et al. (2005) , PET Jen was one of the equations that performed best. Given the close relationship between PET Jen and PET Cap , similar results can be expected. Based on the results of this study, the large overestimates of PET ref by these equations should limit their use.
PET Han , a modification of the PET Mak equation (Hansen 1984) , was one of the best methods for the estimation of PET ref values in Switzerland (Xu and Singh 2000) . In the semiarid environment of Crete, PET Han performed very well, and it is surprising that such good estimates of PET ref were obtained using an equation originally developed and tested in Nordic environments.
Pitfalls and Concerns
There were a number of drawbacks in relation to the methods adopted in this research. The most important was possibly that the radiation-related inputs were not measured but calculated. The estimation of input variables may result in errors in the final estimate of PET ref (Llasat and Snyder 1998; Mahmood and Hubbard 2005) and results can be altered both qualitatively and quantitatively if actual radiation data are used. However, as there is no meteorological station in Crete measuring any form of radiation (global, net, etc.) the only approach available was to estimate incoming solar radiation using other meteorological observations as auxiliary variables.
Additionally, there is a concern that some parameters of the PET FAO equation should be modified prior to its use in semiarid environments (Berengena and Gávilan 2005; Gavilán et al. 2008) . These changes refer mainly to the use of different parameters (coefficients) during the day and at night, as proposed by ASCE-EWRI (ASCE-EWRI 2005). These modifications require hourly meteorological observations, which the meteorological stations in Crete do not provide. Nevertheless, for overcoming the lack of daily observations, ASCE-EWRI (2005) also proposed the use of the coefficients provided by Allen et al. (1998) , as used in this study. The absence of hourly meteorological observations (low sampling frequency) also contributes to the relatively high bias in the final estimate of several parameters, including solar radiation and PET (Hupet and Vanclooster 2001) .
Other pitfalls related mostly to the quality and integrity of meteorological data were summarized by Hargreaves (2003) . Several authors proposed the adjustment of meteorological observations in the case of nonreference conditions (Allen 1996; Dinpashoh 2006; Jensen et al. 1997; Temesgen et al. 1999) . These procedures require values of relative wetness (precipitation/PET ratio) (Dinpashoh 2006) or other factors (Temesgen et al. 1999) for all stations. Another source of uncertainty concerning the PET ref values was the location of the meteorological stations. Most of them were situated in coastal areas and were, therefore, subject to large variations, especially in humidity-related values, depending on the wind direction. However, through the use of integrated monthly values, these variations are smoothed out. The identification of the sources of bias in the estimation of PET ref requires more detailed information and sophisticated analyses exceeding the aims and the scope of this study, that is, the evaluation of several empirical PET ref equations within an operational framework. The meteorological stations may not reflect optimally the conditions of the reference areas, yet the data they provide are sufficient for a comparative analysis of PET equations. Nevertheless, adjustments may introduce further unpredictable bias into calculations (Howell 2000; Temesgen et al. 1999) , thus minimizing possible positive effects.
Unfortunately, all of these pitfalls could not be addressed in this study, owing mainly to the unavailability of the necessary data. Given the restrictions, and in spite of the expected bias, the authors are convinced that the optimum method was followed.
Conclusions
There is no golden rule concerning the optimal equations to estimate PET ref The radiation-based equations generally exhibited better fits than the temperature-based equations. PET Han and PET Tur were the most successful of the radiation-based equations, the latter having a more complicated formula requiring RH data. This additional input variable renders the PET Han a more favorable equation. On the other hand, PET Jen , PET Cap , PET Mak , and PET deB clearly revealed a great bias and, therefore, their use for the estimation of PET ref in the semiarid climate of Crete is not recommended.
With respect to the temperature-based equations, attention should be focused on the PET McG and PET Ham2 equations. They proved to be the best of these equations, although they were inferior to the best radiation-based equations for all stations except Iraklio and Rethimno. The latest resulted in a bias comparable with that of the radiation-based equations, rendering it an attractive option owing to its limited requirements in terms of input data. Although the radiation-based equations generally performed better, one should not discount the fact that the temperature-based equations require a lower number of input variables. This is important in situations where meteorological data are missing.
It is also important that the climatic parameters of the meteorological stations should be carefully taken into consideration to choose the best empirical equation. To exemplify, two stations (Rethimno and Iraklio) exhibited high PET ref values as a result of high wind speeds. At these stations, the temperature-based PET McG equation outperformed the other equations yet the bias was high.
Although there were some factors that could possibly result in a bias in the estimation of PET ref , the method followed was robust and efficient and the results of some of the empirical equations, as described in the aforementioned sections, were found to compare reasonably well with those of the PET FAO equation. These formulas can be applied where a lack of data limits the use of PET FAO or where there are no current measurements of PET ref .
